A sustained positive load of water administered to a normal subject results in maximal water diuresis associated with a minimal concentration of solutes in the urine. The term "physiological diabetes insipidus" has been applied to this situation, because under these circumstances, the release of antidiuretic hormone from the posterior pituitary is inhibited and as a consequence, that part of the water of glomerular filtrate that is normally reabsorbed under the influence of this hormone is excreted. During sustained water diuresis, therefore, variations in urinary flow, urinary osmolarity, and "free water clearance" (CH2o) (1) might be ascribed to factors other than antidiuretic hormone.
A sustained positive load of water administered to a normal subject results in maximal water diuresis associated with a minimal concentration of solutes in the urine. The term "physiological diabetes insipidus" has been applied to this situation, because under these circumstances, the release of antidiuretic hormone from the posterior pituitary is inhibited and as a consequence, that part of the water of glomerular filtrate that is normally reabsorbed under the influence of this hormone is excreted. During sustained water diuresis, therefore, variations in urinary flow, urinary osmolarity, and "free water clearance" (CH2o) (1) might be ascribed to factors other than antidiuretic hormone.
In the present study, the effect of variations within the physiological range of solute load, dietary composition and endogenous creatinine clearance upon these parameters were investigated in normal subjects in a state of "physiological diabetes insipidus," in whom the level of circulating antidiuretic hormone was presumably at a minimum. The results indicate that both glomerular filtration rate (endogenous creatinine clearance) and solute load have important and statistically separable effects on the characteristics of water diuresis.
MATERIALS AND METHODS
Twenty-nine experiments were performed on fourteen healthy young male medical students and physicians. After a light breakfast at 7:00 A.M. the experiment was begun at about 8:30 A.M. and varied in length from 3-12 to 5-½ hours. The subjects remained in the semirecumbent position throughout, getting up only to void.
In twelve paired experiments on six subjects a "highsolute diet" or a "low-solute diet" was ingested for three days prior to the experiment. The "high-solute diet" contained approximately 150 grams of proteins and 10 to 15 grams of salt; the "low-solute diet" contained less than 25 grams of protein and 5 grams of salt. In all other experiments diet was uncontrolled. Subjects drank 1 Supported by United States Public Health Service Grants A-625 and H-834. one liter of water upon reclining. A sustained positive balance of one liter was maintained throughout the rest of the experiment by oral ingestion of water and by the infusion of 2.5 per cent fructose in water at rates below that necessary to produce glycosuria when tested with Benedict's solution.
Sodium, potassium and chloride in serum and urine were measured by methods previously described (2, 3) . Creatinine in serum and urine was determined by a modification of the method of Hare (4) . Endogenous creatinine clearance was used to approximate glomerular filtration rate. Urea in serum and urine was measured by a micro-diffusion technique (5); and the osmolarity of serum and urine was measured by freezing point depression using a Fiske osmometer. These results are obtained in milliosmols per kilogram of water. Free water clearance (CH2o) was calculated as the difference between urinary flow V and osmolar clearance: CH,o= (Table I) : Maximal urinary flow varied from 9.7 to 23.7 cc. per minute per 1.73 m2, and was directly related to the concomitant rate of excretion of solute ( Figure 1 and Table IHa) . Using the statistical technique of multiple regression analysis (see below), it was apparent that variations in the rate of excretion of either electrolytes ([Na + K] 2) or non electrolytes (total urinary osmols -[Na + K]2) had no significant separate effect over and above their contribution to the total solute excretion (Table  III) . b. Minimal urinary osmolarity (Table I) t Signiffcant (P < 0.001). I Significant (0.001 < P < 0.01). ject on a high-protein, high-salt diet than on a low-solute diet ( Figure 2a ) and its magnitude was directly correlated with the rate of solute excretion in the entire group of experiments ( Figure  2b , Table IIb ). There was no correlation between the osmolar concentration of serum and the minimal urinary osmolarity (Figure 3 
DISCUSSION
If one accepts the concepts that during maximal water diuresis all urinary water is derived from the glomerular filtrate and a minimal amount is reabsorbed in the distal segment of the nephron (7) , then the magnitude of the diuresis is dependent on the amount of fluid delivered to this segment. The close correlation between maximal urinary flow and solute excretion (Figure 1 ) is consistent with this interpretation and substantiates the observations of Rosenbaum, Nelson, Strauss, Davis, and Rossmeisl (8) as well as those of others (9, 10) . Although Welt and Nelson (11) concluded that the maintenance of maximal diuresis for long periods of time (4 to 6 hours) was not dependent on the rate of excretion of solute, in only one of their experiments was the maximum diuresis moderately well maintained and in this case the excretion of solute fell very little.
Rosenbaum and his associates (8) gave oral loads of urea and various sodium salts to their sitting subjects during water diuresis and concluded that sodium had a greater effect on urinary flow than the same osmolar quantity of urea.
However, the expansion of extracellular volume which occurred with the salt loading, but not with urea, may have produced these differences, possibly by altering glomerular filtration rate or tubular reabsorption of salt and water (12) . Statistical evaluation of the data in the present study did not show that tubular water was obligated differently by electrolytes than by urea (non-electrolytes) during water diuresis (Table III) .
Observations by Wesson and Anslow (13), and Smith (7) during water diuresis and massive solute loading led these investigators to conclude that, at the height of water diuresis, the free water clearance (CH2o) was constant for any given animal or individual, and that under these circumstances the rise in urinary flow with increased excretion of solute represented simply the addition of isosmotic proximal tubular fluid to the urine. The close correlation between the rise in the minimal osmolarity and the rise in the excretion of solute (Figure 1 ) is consistent with this concept. However, in the present investigation, free water clearance was not a constant for any one individual but actually increased with increasing dietary intake and urinary excretion of solute (Figure 4) . Similar changes in CH2o were noted by Rosenbaum and his associates (8) in experiments in which solute excretion was varied during water diuresis, by Welt, Young, Thorup, and Burnett (14) following the administration of a carbonic anhydrase inhibitor to subjects with maximal water diuresis, and in previous experiments from this laboratory (15) . This rise in CH2o can be adequately explained by the reabsorption of additional solute in hypertonic solution, when further isosmotic fluid is delivered to the distal tubule.
The statistical observations in the present study strongly suggest that glomerular filtration rate (creatinine clearance) has an effect on maximal urinary flow, CH2O and minimal urinary osmolarity, independent of any effect on solute excretion. Ludemann, Raisz, and Wirz (16), studying water diuresis in dogs, observed lower minimal U/P ratios for creatinine and higher maximal rates of urinary flow when creatinine clearance was increased by increasing the protein content of the diet. They thought that the increased excretion of urea could not explain these changes. Unfortunately they did not present data on the effect of the dietary change on total solute excretion. Rosenbaum and associates (8) minimized the role of glomerular filtration in the variations of maximal diuresis, because they demonstrated large changes in solute excretion and urinary flow with minimal changes in glomerular filtration. However, their data did not throw light upon the possible additional importance of changes in glomerular filtration rate.
The mechanisms by which variation in glomerular filtration per se could affect maximal urinary flow and CH2O are not clear. It is possible that a rise in filtration rate would increase the volume of isosmotic fluid delivered to the distal tubule, from which the additional solute but not the water could be reabsorbed. The net effect would be in increased urinary flow without a further increase in the excretion of solute. Shannon, in studies on dogs with diabetes insipidus, suggested another explanation (17) . The increased rate of filtration, by increasing the velocity of flow along the proximal tubule, might prevent equilibrium between the actively reabsorbed solute and passively reab-sorbed water. The net effect would be the delivery of a greater quantity of water but no greater quantity of solute into the distal tubule and a consequent increase in urinary flow.
The statistical observation ( Table IIb) that minimal urinary osmolarity varies inversely with the magnitude of glomerular filtration is inconsistent with the studies of Leaf, Kerr, Wrong, and Chatillon (18) who concluded from direct experiments in dogs that a decrease in filtration rate had no effect on minimal urinary osmolarity. However, it is supported by the findings of Berliner and Davidson (19) , that decreasing the filtration rate in one kidney of a dog at the height of water diuresis causes an increase in the osmolar concentration of the urine above that produced by the contralateral kidney.
The relationships of glomerular filtration and the excretion of solute to the parameters of sustained water diuresis as noted in this study may be of fundamental importance in the pathogenesis of the impaired water excretion of such clinical states as cirrhosis of the liver, congestive heart failure, Addison 
